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SULFUR BASED CORROSION INHIBITOR 

BACKGROUND OF THE DISCLOSURE 

Corrosive protective materials are known. Focusing on a 
particular field of application, prevention of corrosion is 
needed for steel pipelines which deliver a flowing fluid over 
great distances. It is not reasonably possible to permanently 
coat the interior of pipelines to thereby prevent rust or other 
products of corrosion from forming on the inside exposed 
wall. Most large diameter pipe is formed of ferrous mate 
rials. They are externally coated with various materials, an 
example being tar to protect the exterior. On the inside, 
however, corrosion does occur. Corrosion inhibitors are 
added to the flowing materials to reduce corrosion on the 
interior Steel pipe wall. 

The mix of materials flowing in the pipeline significantly 
changes the inhibition requirements. For example, oil field 
gathering lines are required to deliver the production flowing 
from a well. That production mix can give rise to Serious 
problems. Varied paraffin and corrosive deposits may accu 
mulate. Oxidation is reduced if the well produces only 
hydrocarbon products. However, most producing wells pro 
duce at least Some portion of water along with natural gas 
mixed in the oil. Sometimes, the pressure drop from forma 
tion pressure to the pressure maintained in the pipeline 
enables lighter molecules to Separate into phases, thereby 
flowing a mix of bubbles in liquid. The entrained gases 
typically will include CO and other gases common to a 
given producing formation. 

All the foregoing often occurs also in the presence of 
produced Sand. Producing formations are typically consoli 
dated Sand formations. Sometimes the Sands are not well 
consolidated So that various and Sundry Sand particles are 
produced. These vary in size, Sharpness and concentration. 
It is not uncommon for a producing formation to deliver 
Sand particles which are carried along with the flow. Sand 
particles in the produced multiphase flow from an oil field 
abrasively polish the pipe Surface, thereby damaging any 
corrosion inhibitor coating on the pipe. 

Corrosion inhibitors placed in the flowing Stream must 
have some affinity for the metal pipe. While the bond 
between the inhibitor and the pipe may vary, the mixed 
phase flow (with little, or a lot of Sand) has a Scrubbing or 
Scouring impact which ranges from trivial to Severe. In this 
disclosure, a corrosion inhibitor is Set forth which can be 
used with most mixed phase flows in the oil field production 
Stream. The flowing Stream can readily destroy any Surface 
pipe. Thereafter, the exposed Steel pipe will corrode rapidly 
and form an excess of unwanted corrosion products. 
Accordingly, corrosion inhibition involves the formation of 
a first bond between the exposed Steel pipe Surface and the 
inhibitor, and then a second bond between the inhibitor and 
the attacking molecules in the Stream. In the latter event, 
they will be denoted Simply as corrosive agents which are 
characterized by available oxygen, i.e., the ultimate corro 
Sive agent. The two bonds are noted in the discussion found 
below. 

It has been known heretofore that the first bond is accom 
plished by a class of amine derived products to be described 
in greater detail below. The modified amines have a high 
affinity for the ferrous surface so that the first bond necessary 
to obtain protection is readily accomplished. Moreover, the 
amines of this class are characterized in that they have an 
available-N site for bonding. While it is valuable to make 
a bond at the -N Site on the amine molecule or complex, 
that is not always easily accomplished because nitrogen does 
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2 
not readily accept chemical bonds. The reluctance of this 
bond is well documented in that it requires greater energy 
levels to accomplish. The -N bond has to be converted so 
that the antioxidant connected at that Site provides the 
requisite protection against the available oxidants flowing in 
the Stream. 

This kind of bond can be obtained from phosphates, to 
pick an example which is detailed in Applicant's Pat. Nos. 
5,611,991 and 5,661,992. In brief Summary, these are 
directed to corrosion inhibitors which are characterized as 
phosphate esters. That is a highly Successful inhibitor fea 
turing phosphate as the antioxidant agent in the content of 
the corrosion inhibitor Successfully applied in ferrous pipe 
lines. The present disclosure, however, Sets forth a much 
more desirable Sulfur based corrosion inhibitor having Sig 
nificant advantages. One important advantage is the relative 
cost. In general terms, the cost of the inhibitor of the present 
disclosure is approximated by three major factors which are 
the cost of the amine complex, the cost of the antioxidant 
agent added to it and the utilities cost involved in making the 
corrosion inhibitor. 

This disclosure sets forth a Sulfur based corrosion inhibi 
tor which is significantly less costly. Cost is reduced because 
the Sulfur added is provided in a form that is quite 
inexpensive, the preferred being sulfur dioxide (SO). Better 
than that, the utilities involved in plant operation for Sulfur 
conversion are reduced significantly. AS an important aspect 
of utility cost, Sulfur products are easier and Safer to manu 
facture in that they tend to be only Slightly noxious and are 
generally not poisonous at the prevailing process conditions 
including conversion preSSures and temperatures. 
One aspect of this proceSS is the Synthesis of an amine 

which is easily bonded to the exposed ferrous Surface in the 
pipeline along with a -N bond site available which bond is 
converted into an S-N bond thereby enabling the defeat of 
available oxygen bonds which would otherwise trigger 
corrosion of the ferrous Surface exposed in the pipeline. 
Therefore, corrosion is resisted and the life of the equipment 
is extended Significantly. This is effective at a reduced cost 
and yet appears to have a desirable, perhaps an even better 
bond to the ferrous Surface. It can be used in benign 
conditions but it can also be used with the most aggressive 
circumstances, i.e., flowing multiple phase well fluids with 
Sand particles of all sizes and shapes. 
The present disclosure Sets forth the improved corrosion 

inhibitor featuring a Sulfur based active agent. The Sulfur 
bonded amine of the present disclosure is less costly, it is 
also leSS costly to make and is made in more desirable 
circumstances. 
The procedure of making the present disclosure involves 

the preparation in a first Step of a specified amine Structure, 
and the Subsequent addition of sulfur in the form of SO that 
is Sparged through the Solution at temperatures of up to 
about 150-190 F. at a slow rate to obtain batch conversion 
in a time of about 90 to 120 minutes whereupon the Sulfur 
based inhibitor is delivered in a water soluble solution ready 
to be used. The conversion process is relatively simple and 
has reduced utility cost as a result of the shorter intervals and 
lower temperatures. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

This disclosure is directed to compounds and composi 
tions which are useful for the inhibition of corrosion of 
ferrous metal Surfaces both in aqueous and nonaqueous 
media. 
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The present invention provides compounds which are the 
products of a condensation reaction between C12-36 fatty 
acids, with preferably at least 18 carbon atoms per molecule 
and an alkyl amine, Subsequently reacted with SO2 in a 
nonaqueous medium. 

The present invention therefore provides an amine deriva 
tive which can be represented by this formula: 

R-X(CHNZ), CHNY 

In which R is a C12-36 hydrocarbon; 
X is an amide-CO-NH- or 5 membered cyclic imida 

Zoline ring; 
Z is H or Y; Y is SO; 
and is an integer from 1 to 8. 
The amount of Sulfur dioxide used to produce this com 

pound should contain at least one SO group So that pref 
erably all the basic nitrogen atoms are reacted with SO, i.e., 
one mole of each. 

The alkyl amines are Selected to give the appropriate 
heterocyclic ring and/or amide group or groups, if desired, 
alkyl amine group attached to the heterocyclic ring or amide. 
Suitable and preferred alkyl amine include Such as diethyl 
entriamine (DETA), triethylenetetraamine (TETA), amino 
ethylethanolamine (AEEA), tetraethylenpentaamine 
(TEPA), aminoethylpiperazine (AEP) and ethylenediamine 
(EDA). 

In the foregoing, the R is a hydrocarbon having between 
about 12 and about 36 carbons, and the preferred is about 18 
or more carbons and can be either Straight chains or isomers. 
Molecules larger than 36 carbons generally are not needed, 
and are somewhat less effective due to the size of the 
complex. The amine derivative in its simplest form has two 
available-N sites. The process exemplified below is opti 
mum if both Sites are provided with SO2, in Some instances, 
only one site may convert to the SOthereby establishing the 
desired S-N bond. However, the amount of SO2 added in 
the process is preferably increased So that the conversion 
proceSS is accomplished at both -N sites. In the foregoing 
amine derivative definition, the integer n can range between 
1 and 8, and the preferred value is about 3. With the 
preferred form, the total number of -N bonding sites is n 
plus 1, or about four -N bonding sites in the preferred 
amine derivative. At the time of adding the SO, the moles 
of SO2 added are adjusted so that most of the -N sites are 
converted. Examples of this conversion will be given below. 

EXAMPLE 1. 

290 grams (1.0) mole) of tall oil were added to 103 grams 
(1.0 mole) of diethylentiriamine (DETA). Once the addition 
was complete, the temperature was increased over time to 
360°F. After 3 hours of the reaction, 18 grams (1.0 mole) of 
water vapor had been removed from the mixture. The 
resulting product was amide. 

The temperature was next increased to 480 F. to drive off 
the Second mole of water vapor to form the resultant 
imidazoline. 150 grams of TOFA (tall oil fatty acid)/DETA 
amide or imidazoline were dissolved in 60 grams 50/50 
mixture of methanol and isopropyl alcohol and Stirred at 
120°F. To this solution, sulfur dioxide (SO) gas was slowly 
and carefully bubbled through the solution. A temperature 
rise from 120 F. to 160°F. was observed from the exother 
mic reaction. The reaction was monitored to completion in 
about 2 hours. Reaction completion occurred when a mini 
mum of one mole of SO reacted with the TOFA/DEA amide 
made after one mole of water was removed or the imida 
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4 
Zoline made after the Second mole of water was removed. 
Example 1 can be done also with TETA only or a mix of the 
DETA and TETA in any ratio. 

EXAMPLE 2 

Following the procedure outlined in Example 1, 189 
grams (1 mole) of tetraethylenepentaamine (TEPA) were 
reacted with 580 grams of TOFA. The final products were 
reacted with one mole of SO. 

EXAMPLE 3 

Following the procedure outlined in Example 1, 146 
grams of triethylenetetraamine (TETA), which is a mixture 
of linear, branch, and cyclic methods including linear TETA 
were reacted with one mole of TOFA. The reaction results 
were reacted with a minimum of one mole of SO. 

EXAMPLE 4 

Following the procedure outlined in Example 1, one mole 
of aminoethylpiperazine was reacted with one mole of 
TOFA. The final products were reacted with one mole of 
SO. 

EXAMPLE 5 

Following the procedure outlined in Exhibit 1, one mole 
of aminoethylethanolamine was reacted with one mole of 
TOFA. The final products were reacted with one mole of 
SO. 

EXAMPLE 6 

The reaction products of one mole tallow amine with one 
mole of SO were made. 

EXAMPLE 7 

Reaction products of one mole tallow diamine with two 
moles of SO were made. 

EXAMPLE 8 

Following the procedure outlined in Exhibit 1, one mole 
of a mixture of AEEA/TETA was reacted with one mole of 
TOFA. The final products were reacted with one mole of 
SO. 

CORROSION INHIBITING TESTS 

Corrosion inhibition was measured using rotating cylin 
der electrode (RCE). The RCE allows the inhibitor to be 
evaluated under dynamic conditions. The test is started by 
purging the brine and hydrocarbon (a mix to Simulate 
produced oil flowing in a gathering line) with CO to reduce 
the oxygen down to <20 ppb. The fluids are then heated to 
170 F. A cylindrical coupon mounted on a shaft is then 
inserted into the fluids. The rotation Speed is Set and a blank 
(uninhibited) corrosion rate measured for approximately 2 
hours. The rotation speed was set at 4000 rpm. 

Linear polarization resistance (LPR) technique was used 
to evaluate these reactions, and the data were automatically 
recorded in the data collection computer. After the blank 
corrosion rate was recorded, the corrosion inhibitor was 
injected into the fluids at 5 to 10 ppm. The decline in 
corrosion rate was recorded over a period of 18 hours. 
Percentage protection values were calculated at 2 hours and 
18 hours after the addition of the inhibitor. 

The foregoing test procedures are intended to Simulate the 
corrosion rate on the Steel pipeline wall which is not 
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protected, hence the blank defines the maximum rate of 
corrosion. Corrosion is normally given in mills per year 
(mpy) which refers to the rate at which the ferrous material 
in the pipe is removed and the pipe wall is thereby weak 
ened. The corrosion rate represents cumulative annual dam 
age. Even If the pipe has Substantial thickness, corrosion 
over a period of time can not be tolerated. However, 
corrosion dooms the pipe to premature replacement without 
corrosion protection. Corrosion protection is highly desir 
able So that the pipe is not damaged prematurely, well short 
of its intended service life. The corrosion inhibitor of the 
present disclosure is intended to reduce the corrosion rate 
Significantly So that the life of the pipe (hence the pipeline) 
is extended greatly. The test data given in Table 1 therefore 
include a corrosion rate for the blank prior to protection with 
the corrosion inhibitor. The last column of Table 1 lists the 
amount of protection that is accomplished by the inhibitor. 
In every instance, the exemplary composition from the eight 
examples listed above was combined with one mole equiva 
lent of SO. Therefore, a high level of protection was 
obtained. This Table does not include any examples com 
bined with two or more mole equivalents of SO. It is 
conjectured that the level of protection in that event will be 
just as good and probably even better as a result of the 
increased SO content. 

TABLE 1. 

blank mpy 
Example composition corrosion rate % protection 

1) TOFA/TETA amide 28O 97.8 
or imidazoline 
2) TOFA/TEPA 32O 98.7 
3) TOFA/TETA 298 96.9 
4) TOFAIAEP 312 97.9 
5) TOFA/AEEA 287 94.8 
6) TOFA/tallow amine 161 96.O 
7) TOFA/TDA 136 88.0 
8) TOFAIAEEA&TETA 309 97.5 

A review of Table 1 shows that one mole equivalent of SO 
provides Sufficient protection in every instance. Moreover, 
the corrosion rate is reduced so that the service life of the 
pipeline is longer by many years. Typically, the pipeline will 
be protected for fifty years or greater by the continued use 
of this corrosion inhibitor. The corrosion inhibitor of the 
present disclosure is used to advantage in the flowing 
materials. The inhibitor seems to be effective in preventing 
corrosion and is able to provide the desired protection in 
relative extreme conditions, namely, elevated temperature 
and relative high velocity of the flowing fluid. On the latter 
fact, there seems to be Some mechanical aspect to the 
corrosion. To be Sure, most pipelines are continuously 
pumped although they may be shut down momentarily for 
Short intervals. When maintaining a continuous flow in the 
pipeline, and by operating the pipeline at any ambient 
temperature (cold in northern latitudes to hot where the 
pipeline crosses desert regions), the corrosion inhibitor is 
effective to retard loss of metal. Moreover, if the corrosion 
rate is reduced to only 5 or 10 mpy, the life of the pipeline 
is extended to 50 years or greater, Sufficiently long that the 
pipeline will Outlast the producing oil well connected to it. 
The corrosion inhibitor of this disclosure is effective with 
and without Sand particles. To the extent that entrained Sand 
particles will scour the inhibitor from the surface, more 
inhibitor can be added to help compensate for the loSS as a 
result of the Scouring action. 
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The corrosion inhibitor is water soluble so that it goes into 

the water droplets carrying the inhibitor within the droplets. 
The inhibitor and corrosive agents come into contact in the 
water droplets. The inhibitor has an affinity for the water; 
Since the water (and materials dissolved in it) cause most 
corrosion, the inhibitor is added, more or less, in proportion 
to the water. Large water flow levels require more inhibitor 
while Small flow levels require less. A range of inhibitor is 
about 2 to 100 ppm with about 5 to 15 ppm being preferred. 
While the foregoing is directed to the preferred 

embodiment, the Scope thereof is determined by the claims 
which follow. 

I claim: 
1. A method of inhibiting corrosion of metal process 

equipment in an oil field corrosive environment comprising 
the Step of introducing into an aqueous environment an 
effective amount of corrosion inhibitor comprising at least 
one Sulfur based amine derivation defined by the equation: 

R-X(CHNZ), CHNY 

In which R is a C12-36 hydrocarbon; 
X is an amide-CO-NH- or 5 membered cyclic imida 

Zoline ring; 
Z is H or Y; Y is SO; 
and is an integer from 1 to 8. 
2. The method of claim 1 further comprising the step of 

maintaining an effective concentration of the inhibitor for 
Substantially preventing corrosion of metals. 

3. The method of claim 2 wherein the metal is a ferrous 
metal. 

4. The method of claim 1 wherein about 2 ppm to about 
100 ppm corrosion inhibitor are introduced into the corro 
Sive environment. 

5. The method of claim 4 wherein about 5 ppm to about 
15 ppm corrosion inhibitor are introduced into the corrosive 
environment. 

6. A method of inhibiting corrosion of metal Surfaces in an 
oil field corrosive environment comprising the Step of con 
tacting a metal Surface with an aqueous Stream containing an 
effective amount of a corrosion inhibitor comprising: 

a water soluble fatty acid with more than about 12 
carbons, an amine derivative having a -N bonding 
Site, and a Sulfur atom bonded to the -N bonding Site, 
and the water soluble fatty acid is defined by the 
equation R-X (CHNZ), CHNSO wherein R is a 
12 to 36 hydrocarbon; 

X is an amide-CO-NH- or 5 membered cyclic imida 
Zoline ring; 

Z is H or SO; and 
is an integer from 1 to 8. 

7. The method of claim 6 wherein the inhibitor includes 
at least two SO groupS bonded to -N Sites, and is about 
3. 

8. The method of claim 7 wherein about 2 ppm to about 
100 ppm corrosion inhibitor are introduced into the corro 
Sive environment. 

9. The method of claim 8 wherein about 5 ppm to about 
15 ppm corrosion inhibitor are introduced into the corrosive 
environment. 


